Information on biological communities is important to assess the qualities of aquatic systems receiving wastewater. Crustacean communities have a cosmopolitan distribution, short life cycle and are useful for the general monitoring of certain aspects of the environment, such as eutrophication, pollution, warming trends and long-term changes which are sign of environmental disturbance. In this study, spatial-temporal and limnology of crustacean in a tropical freshwater lake was carried out between 2010 and 2011 at three stations. Identification of all the sampled organisms was done using taxonomic keys. The sampled crustaceans were made up of 7 species (N = 820): Daphnia (30.44%), Napilius (18.33%), Camptocerus (14.30%), Eurycerus (8.54%), Bosmina (9.27%), Canthocamptus (8.57%) and Cyclops (10.51%). Phytoplankton sampled were composed of six families: Bacillariophycea, Chlorophyceae, Cryptophyceae, Cyanophyceae, Dinophyceae and Xanthophyceae while 12 species of macrophytes were sampled (Kyllingn squamalata, Nymphaea lotus, Acroceras zizanioid, Cyperacea difformislinn, Alchonea. The physico-chemical, plankton abundance, macro flora and fauna in Opi Lake fell within the productive values for aquatic ecosystem and indicated that the lake is eutrophic, crustaceans and biotic/abiotc factors are example of natural freshwater habitat.
INTRODUCTION
Crustaceans constitute an invaluable source of calcium, iodine, amino acids, lipids, fatty acids, minerals and enzymes and are therefore inexpensive ingredients to replace fishmeal for cultured fish. Crustaceans are also considered healthy for the circulatory system because of lack of significant levels of saturated fat in shrimp (Ferdinard, 1994) . The cholesterol content in shrimp actually improves the ration of LDL to HDL cholesterol and lowers triglycerides (Elizabeth et al., 1996) . The study of crustacean communities seems to be particularly useful for the evaluation of ecosystem status. Distibution of crustacean is useful for the general monitoring of certain aspects of the environment, such as eutrophication, pollution, warming trends and long-term changes which are sign of environmental disturbance (Rutherford et al., 1999; Soberman et al., 2000) . Crustaceans as bioindicators are very convenient in providing ecological indices. Due to short lifecycles, crustaceans can quickly respond to environmental modifications, being excellent key group (Boltovoskoy, 1999) . Evurunobi (1984) looked at the phytoplankton and physiochemical while Carter (1984, 1986 ) dwelt on the diet and seasonal fluctuations of *Corresponding author. E-mail: odogreg@yahoo.com. Tel: +234-07037205640.
Benthos of Opi Lake. Inyang (1995) overviewed the fish fauna with particular reference to the Biology of Tilapia zilii and Nweze (2003) worked on the phytoplankton production, while Echi et al. (2009) investigated the coparasitism and morphometric of three clinostomatids of the Lake. There has been little study on spatial-temporal distribution and limnology of crustaceans in lowland tropical lentic ecosystems. Identification of fauna and flora taxa to generic level is often impossible and information on spatial and temporal variations in these populations is usually lacking. This limited information can be contrasted with the increasing interest in tropical aquatic systems both for practical purposes, as sources of power, protein and parasites, and for theoretical reasons. Parallel to this is an increasing concern over the accelerating pace of man's alteration of tropical ecosystems through such activities as deforestation and the use of biocides. The impacts of such activities have proved difficult to predict, given the present lack of knowledge about the natural state of these systems. Hence the present study was undertaken to describe spatial-temporal changes in limnology and crustaceans, macro invertebrates and phytoplankton populations.
MATERIALS AND METHODS

Study area
Opi Lake is a typical freshwater lake located between 6° 45' 0' E 007.49104) in the valley of river Uhere, Northeast of Nsukka, Enugu State, Nigeria. The lake is about 300 m from Uhere River. The vegetation and climate of the lake has been described by Hare and Carter (1984) . The lake has no permanent inlet but during the flood period the lake overflows through a small channel at the southern end. The western side of the lake has a wide beach overgrown with saprophytes dominated by Crytosperma senegalenses (Scholt); Jussiaea repens Var diffusa (Fordk) and Rynchospora species. Its surface area and maximum depth fluctuates seasonally and ranges between 1.3 and 2.0 and 2.0 ha and 3.9 m, respectively (Inyang 1995) . The mid lake deposit is mixed with coarse organic matter from the marginal vegetation on the other part of the shoreline.
Three sampling stations were selected based on the nature of the lake (Figure 1 ). Station 1 situated in the southern or overflow end which have more vegetation, shade and receive in runoff during heavy rainfall and outlet. Station 2 situated in the middle of the lake and has lesser vegetation and lesser shade while station 3 was at the northern end with least vegetation and no shade. Sampling was done within 8 am and 12 noon once in a month.
Physico-chemical
Physicochemical parameters of the Opi Lake were studied between 2010 and 2011. In each station at least five sample collections were taken at different locations. All in situ determinations and collections of water samples were made during mid-morning (10-11 am) local time. The water depth was measured using a graduated sounding line. A "HACH" conductivity meter (model 16300) was used for the conductivity measurement. The hydrogen ion concentration was measured using a compensated pH meter Kent Model 6025. Odo et al. 167 Transparency was measured using a secchi disc. Total ions, hardness, total alkalinity, calcium, colour, turbidity, were analyzed using 'HACH' portable laboratory test kits. Free CO2 was determined in the field titrimetrically using 0.0027 N NaOH and phenolphthalein indicator. The chemical oxygen demand (COD) was estimated by running blank 70 ml (double distilled water to 50 ml of water). This was heated to boiling point and then 5 ml of KMnO4 plus 5 ml KI + 10 ml 2 M H2SO4 + 1 ml of starch solution were added. These combinations were titrated with 0.1 M Na2S2O until blue colour disappeared which was the end point. Temperature was measured immediately in the field using mercury in glass bulb thermometer and read to the nearest 0.1°C. Dissolved oxygen (DO) was also determined in the field using a dissolved oxygen meter.
Samples for the analysis of other variables were then taken to the laboratory in clean 2.51 polyethylene bottles, and preserved in a deep freezer until analysis. -and PO4 3-were determined using the colorimetric method (M201 CcamSpec Visible Spectrophotometer) as describe by APHA (1998). Total dissolved solids (TDS) was measured by the filtration, evaporation (at 105°C) and weighing (APHA 1998).
Macro invertebrate sampling
Macro invertebrate were sampled with the use of equipment such as scoop net which have a fine mesh aperture of 60 µM. The stations, samplings were done within the entire range of habitats available (open waters, shallow water over hard and soft bare benthos or over submerged aquatic macrophytes, along shores of habitat and also masses of aquatic debris and vegetation which were collected drained slightly and spread out in order to see and collect some organisms that crawled out from these material). A collection in five-eight minutes from a variety of location within each station was done. After collecting the aquatic organisms, they were transported to Hydrobiology Unit Department of Zoology and Environmental Biology, University of Nigeria, Nsukka for preservation and identification.
Plankton sampling
In each of the sampling station, sample was concentrated into 20 ml by draining water out through another 55 µ mesh net size to prevent loss of plankton. Then the plankton samples collected were filtered through another net of about 64 µ mesh net size (Avoaja, 2005) . To separate the zooplankton from the phytoplankton, the zooplankton samples were collected in the specimen bottles, labelled and preserved in 4% formalin. The phytoplankton was equally preserved in the bottles with 4% formalin. These samples were allowed to stand for at least 24 h before analysis. During the analysis of the zooplankton, the supernatant was carefully pipette off and the zooplankton sample was concentrated to 10 ml volume. 1 ml was carefully viewed under an Olympus binocular microscope; model CH 0337331. Identification of the phytoplankton and zooplankton was done by keys (Jeje and Fernando, 1986; Nweze, 2005; Robert, 2003; Smile, 2008) .
Identification of crustaceans
Identification of specimens were sorted and identified with suitable keys (Jeje and Fernando, 1986; Robert, 2003; Smile, 2008) . 
Statistical analyses
This was done with SPSS version 17, T-test for seasonal variation of crustaceans and physico-chemical, relationship within crustaceans and other aquatic fauna, flora and physico-chemical were determined using correlation analysis. Table 1 showed the mean values of physico-chemical parameters. The lake has relatively stable thermal regimes with a surface water temperature differential of 3.61°C between the extreme values. Transparency exhibited 1.5 fold mean variation in the total dissolved solids. The low transparency and high concentration of suspended solids recorded was an indication of periods of very low light penetration. The average water pH was almost neutral; the minimum and maximum were slightly acidic. The mean fluctuation was minimal and moderate for fish farming with a difference of 1.71 between the extreme. The lake was well oxygenated with mean of 5.83 mgl. Total alkalinity was mainly of the bicarbonate type with high values recorded during the onset of the dry season. Magnesium observation depicted 4.29 threshold variations while calcium had 2.08 fluctuation fold during the study. The concentration level of CO 2 was 21.5 fold mean variation. Total hardness depicted amplitude of 2.27 fold mean variation. The ranges in the levels of NO 3 -N 2 and PO 4 -P revealed change of 3.88 to 6.0, respectively. The NO 3 -N exceeded those of PO 4 -P during the month of study. TDs was constant during the study periods. The water level represented 14.65 fold fluctuations.
RESULTS
Physico-chemical parameters
Crustacean fauna
Sampled fauna of Opi Lake include zooplankton (crustacean, rotifer a fish egg and fish larvae), macro invertebrate (insect, Arachnid a and Hirudina) Crustacean were made up of seven genera -Daphnia (30.44%), Naplius (18.34%), Captocerus (14.30%), Eurycerus (8.56%), Bosmina (9.29%), Canthocamptus (8.56%) and Cyclops (10.51%).
Correlations of physico-chemical parameters
Correlations between crustaceans and physico-chemicals are shown in Table 2 . Daphnia and Magnesium showed negative relationship (p < 0.01), Daphnia and nitrate and Daphnia and iron observed a negative correlation (p < 0.05). Positive correlation was observed between Eurycerus, and Cyclops and calcium (p <0.05).
Phytoplankton density
The sampled flora were phytoplankton and macrophyte. Phytoplankton sampled were composed six families: cordifolra and E. stagnica were not present in station 3 while P. laxum was not present in station 2 among the macrophyte (Table 3 ). There was no significant difference in the mean density of Phytoplankton across the station (p > 0.05) as shown in Table 3 . Among crustaceans and phytoplankton, Daphnia and Dinophyceae, showed positive correlation as well as Cyclops and Cryptophyceae, while Eurycerus and Xanthophyceae had a negative correlation (< 0.05), as represented in Table 4 .
Mean density of sampled macro invertebrate
Among the 23 species of macro invertebrate sampled, 19 species were identified to species level while 4 (insects) were unidentified. The mean densities of 14 species were not significantly different (p > 0.05) within the 3 sampling stations. The mean density of Ranatra fusca in station 3 was significantly different from Stations 1 and 2, while Nepa spp. mean density in 1 and 2 were significantly different (p < 0.05), as shown in Table 5 . Positive correlation was observed between F, Z1 and Naplius and Naplius (Table 6 ).
DISCUSSION
The ranges and fluctuations of values for physicochemical parameters recorded in Opi Lake during the investigation were within the range of physicochemical parameters values, of natural and manmade freshwaters for optimal growth and survival for aquatic life in tropical Africa (Adeniji, 1973; Adebisi, 1981; Boyd, 1981; Eyo and Ekwuonye, 1995; Nweze, 2003; Odo, 2004; Avoaja, 2005) .
The low recorded values of water temperature in the months of December and January might be attributed to the cooling effects of harmattan wind during the period when the environment including waters were cold as suggested by Biswas (1973) , Evurunobi (1984) and Avoaja (2005) . The rise in water temperature observed in February, March and April in the lake agrees with Biswas (1973) that in early dry season, there is usually an increase in water temperature. The observed high transparency in the dry season could be attributed to reduced rainfall and low wind speed leading to calm weather conditions (Livingston and Melack, 1979; Howard-Williams and Ganf, 1981; Evurunobi, 1984; Odo, 2004) . The recorded low transparency during the rain in the lake was due to inflow and runoff (which are major sources of water into the lake as noted by Hare and Cater (1984) and Evurunobi (1984) which brought in humus materials, suspended matter and probably colloidal iron that lowered light penetration and this was not different from the findings of Adeniji (1982) in Asa Lake, Evurunobi (1984) in Ogelube Lake and Oluasanya (1988) in Opa Reservoir. The pH of most natural waters falls in the range of 4.0 to 9.0 and much more often in the range of 6.0 to 8.0 (Lind, 1979) . The range of pH (5.27 to 6.98) obtained in this research work was adequate for some aquatic life. The seasonal pattern of the DO content is similar to the previous findings of Nweze (2003), Ayoade et al. (2006) and Echi et al. (2009) . There was a negative correlation of DO and temperature which agreed with Adebisi (1981) and Eyo and Ekwonye (1995) that increase in water temperature reduces the DO content as a result of increased DO demand of aquatic fauna which is caused by high metabolic activities. The range of magnesium 6.81 -29.14 mg/L (as a common constituent nutrient of natural freshwaters is essentially important for plant growth and development) recorded was within the tolerable range for natural freshwater in the tropics (Avoaja, 2005) . The insignificant difference in the seasonal content of calcium found in Opi Lake during the research work could be associated with minor amount of calcium content of flood water which is usually a major source of calcium to the water body as suggested by Evurunobi (1984) . Magnesium and calcium ions in a lake form the total hardness of the water. The lake could be classified as soft lake since its calcium and magnesium content did not exceed 120 mg/L as stated by Lind (1979) and Mustapha and Omotosho (2005). The high PO 4 level in the dry and rainy seasons indicated pollution since it was above the United State Environment Protection Agency (USEPA) standard limit of 0.025 mg/L in natural aquatic bodies (Davies et al., 2009 ) and this could be as a result of flood water from farmland surrounding the lake which brought in soil component associated with in fertilizer and animal (mainly cattle) faeces which are washed into the lake after grazing at the nearby farmland. The rainy season increase of nitrate could be as a result of enrichment of the water by nitrate ions during floodwater which was equally noted by Davies et al. (2009) but on the other hand was not in line with the findings of Odo (2004) where there was a dry season increase due to nitrate enrichment from previous rainy season. The sharp decrease of free CO 2 content in the months of April would possibly be as a result The mean density values with the same superscript on the same row are not significantly different (p > 0.05). of lower content of alkalinity observed during that month, as it was suggested by Attama (2003) that free CO 2 goes a long way to enhance water alkalinity. The total number of 820 crustaceans comprising of 7 species (Daphnia, Nauplius, Camptocerus, Eurycerus, Bosmina, Canthocamptus and Cyclops) encountered in the study area appeared to be normal inhabitants of natural lakes, ponds, streams and artificial impoundment in Nigeria and tropical countries (Jeje, 1986 (Jeje, , 1988 Mustahpa, 2009; Arimoro, 2010; Kolo et al., 2010) . Daphnia with the highest percentage composition among the crustacean species could be as a result of its ability to survive and graze effectively on most phytoplankton and fellow zooplankton, and this is in consonance with Jeje (1986) , Akin-Oriola (2003) and Mustapha (2009) . Percentage composition of Bosmina was not in agreement with the finding of Imoobe and Adeyinka (2010) where Bosmina species was recorded to be more abundant than every other zooplankton crustacean and Daphnia being absent. Floral composition in the lake corresponds with Nigerian freshwater plants (Evurunobi, 1984; Hare and Cater, 1984; Nweze, 2003; Davies et al., 2009; Echi et al., 2009; Hassan et al., 2010; Achionyde-Nzeh and Isimaikaiya, 2010; Okayi et al., 2011) . The correlations of crustaceans with phosphate and nitrate may not necessarily be a direct relationship of the species utilizing the nutrients, but could be attributed to the dependency of the phytoplankton (which serves as food for the crustaceans) on these nutrients. The insignificant negative correlation of all the crustaceans with transparency could result from low transparency of the water which hinders zooplankton growth and abundance (Mustapha, 2009) . Alkalinity and pH were also found to favor crustacean growth and abundance in the lake as seen from the positive correlation of alkalinity and pH in all the species except Camptocerus. Negative (insignificant) correlation of most of the crustaceans with CO 2 could be the reason why dry season CO 2 content of the lake was higher and this did not agree with Mustapha (2009) study. Similar trend in the relationship between crustaceans and physico-chemical, phytoplankton and other zooplankton has been reported by many scientists such as Carpenter et al. (1985) , Jeje (1986 ) Akin-oriola (2003 and Mustapha (2009) . Feeding effects of Daphnia, Eurycerus and Canthocamptus were found to have significant positive effect on the some phytoplankton. As a result of no significant negative feeding effect observed between crustaceans and phytoplankton, the entire crustacean species were unable to reduce phytoplankton population density in their community, which could suggests the abundance of phytoplankton (food) throughout the period (Hare and Cater, 1984; Carpenter et al., 1985; Mustapha, 2009; Achionyde-Nzeh and Isimaikaiya, 2010) . The study of crustacean ecology in Opi Lake, Nigeria has revealed that there are abundant crustaceans (zooplankton) in the system; the organisms are highly diverse and seasonal in abundance and distribution. The crustacean fauna has been found similar to the species of crustaceans found in other Nigerian lakes and other freshwater bodies. The physico-chemical parameters, plankton abundance, macro flora and fauna in Opi Lake fell within the productive values for aquatic ecosystem and indicated that the lake is eutrophic. The study also revealed the interaction between crustaceans and biotic/abiotc factors is an example of a natural tropical freshwater habitat.
